Introduction: Candida is one of the common causes of infections in late sepsis of very low birth weight neonates. The outcome ranges from a mild focal disease to a fatal septicemia and multi-organ dysfunction. Case Presentation: Acute renal failure was found in a seven-week-old preterm infant due to bilateral renal fungal balls and hypoplastic renal pelvises. He had previously been treated with courses of broad-spectrum antibiotics for respiratory distress and sepsis during the first weeks of life. The infant did not respond to standard antifungal therapy and needed surgical removal of fungal balls from his kidneys, open nephrostomy tube placement and pyeloplasty. Conclusions: Obstructive uropathy by fungal balls is rare and acute renal failure as a result of bilateral obstructive uropathy due to fungal balls requires early detection and prompt treatment to salvage the kidney function.
Introduction
Congenital anomalies of the kidney and urinary tract are a group of diseases with different anatomical malformations that cause kidney and urinary tract anomalies. These conditions are found in 0.5% of all pregnancies (1) .
One of the common causes of infections in late sepsis of very low birth weight neonates is Candidal infection (2, 3) . Incidence of fungal infections is increasing in neonates (4) . The infections can cause a range of diseases from mild focal disease to fatal septicemia and multi organ dysfunction. In the urinary tract, Candida may be present within a range, from isolated candiduria to severe disease, with formation of fungous ball and obstructive uropathy. It is important to assess the patient for candidemia when a Candidal urinary tract infection (UTI) is diagnosed in neonates.
Case Presentation
A 40-day-old preterm male infant referred to our hospital due to poor weight gain. He was born on the 29th week of gestation, by caesarian section, because of cervix insufficiency and weighed 1200 grams at birth. He had a history of neonatal intensive care unit (NICU) admission at another center due to respiratory distress and sepsis in the first 4 weeks of life.
The infant weighed 1250 grams and was in a relatively good condition when discharged from the previous hospital. He received cefotaxime and amikacin for about two weeks during his previous admission.
Primary screen laboratory data was negative for sepsis and he was observed for further change while the standard premature feeding continued without any intravenous catheter. His weight gain was appropriate in the next 7 days of admission yet he developed apnea episodes on the 9th day of admission.
Blood and cerebrospinal fluid (CSF) cultures were negative, and CSF analysis and chest radiogram were normal. Remarkable laboratory findings included elevated levels of C-reactive protein, leukocytosis, and candiduria. Serum creatinine also increased from 0.6 to 1.2 mg/dL in the next five days. Candida albicans was isolated from urine that was aspirated from the bladder by supra-pubic sampling.
After urine analysis showed candiduria, amphotericin B was administered. On ultrasound, non-shadowing echogenic materials, that filled the pyelocalyceal systems bilaterally, were observed.
During the next week, patient's renal function deteriorated gradually and serum creatinine elevated to 3.2 mg/dL. On follow-up dilation of calyces on both sides without obvious dilation of renal pelvises and increased renal parenchymal echogenicity were seen in follow up ultrasound ( Figure 1 ). This was a confusing situation and dilation of pelvises in presence of dilated calices was anticipated. The infant became oliguric at this point. No response was noted clinically, ultrasonographically and according to laboratory data after 2 weeks of antifungal (Amphotericin B) treatment, necessitating initiation of an adjunct antifungal agent.
Ultrasound-guided percutaneous nephrostomy insertion failed due to small renal pelvises. Hence, an open surgical approach was employed. Bilateral pyelotomy was done and soft friable masses were found in renal pelvises extending to the calyces.
Pelvises were bilaterally hypoplastic and pyeloplasty was done to correct the bilateral intra-renal hypoplastic pelvises, and nephrostomy tubes were placed for further irrigation and further nephrostography.
It was not possible to find a suitable name for this case's kidney anomaly with normal looking kidneys and hypoplastic pelvises therefore we assumed it as a congenital kidney hypoplasia and named it "hypoplastic renal pelvises".
After the nephrostomy, serum creatinine gradually decreased but the next two urine cultures were positive; therefore flucytosine was added to the previous antifungal regimen.
Although the initial post-operative ultrasound showed echogenic material in the non-dilated pyelocalyceal systems of both kidneys, the creatinine, C-reactive protein, and urine output had all returned to normal ranges.
Bilateral nephrostography showed good drainage with some filling defects in both pelvises and urinary bladder ( Figure 2) .
Ten days later, nephrostomy catheters were removed and finally, the infant was discharged in good condition and on oral fluconazole. He is currently a 14 months old with normal kidney function tests and his growth and development are acceptable for a preterm born baby.
Discussion

Congenital Anomalies of the Kidney and Urinary Tract
A group of diseases with a different anatomical spectrum cause kidney and urinary tract anomalies. These conditions may be found in 0.5% of all pregnancies (1).
Ureteropelvic junction stenosis or atresia, multi-cystic dysplastic kidneys, hypoplastic kidneys, vesicoureteral reflux, non-obstructed, non-refluxing primary mega-ureter, and bladder outlet obstruction are classic types of common congenital anomalies. In prenatal evaluations, some of these anomalies are reported more in males. By contrast, there is a female predominance in older children (5) .
Some of these anomalies require surgical intervention or lead to renal impairment, and further renal replacement therapy or transplant may be needed. Genetic basis of kidney and urinary tract anomalies is widely accepted, yet these genetic aspects have not been fully diagnosed to date (6).
Urinary Tract Infection with Candida
Candida is one of the common causes of infections in late sepsis of very low birth weight neonates (2, 3) . Candida albicans is the most common Candidal infection at neonatal intensive care units (NICUs) (3) and incidence of fungal infections is increasing in neonates (4). This infection can cause a range of complications from mild focal disease to a fatal septicemia and multi organ dysfunction. In the urinary tract, Candida may be present within a range from isolated candiduria to severe disease, with formation of fungous ball and obstructive uropathy. When a Candidal urinary tract infection (UTI) is diagnosed in a neonate, it is important to assess the patient for candidemia. Phillips and Karlowicz found candidemia in 13 of 25 Candidal UTIs in neonates and Bryant et al. reported this condition in 12 of 36 cases (7, 8) . Renal involvement in neonatal candidemia varies from 5% to 33% (9-11).
Risk Factors
Premature infants are at risk of fungal infection because of several factors including: increased Candida colonization by vertical or horizontal transmission, neona- 
Clinical Manifestations of Candidal UTI
While a bag specimen for urine culture in neonate is not reliable, the growth of more than 103 colony forming units/mL (CFU/ML) in a urine culture gathered by suprapubic aspiration or greater than 10 4 CFU/mL in a catheter collected sample, there is Candidal UTI (7, 16, 17) . Ultrasonography can find renal parenchymal involvement, mycetoma, fungal masses or obstructive effect of fungal mass in the urinary tract. Computed tomography and magnetic resonance imaging may be superior to ultrasonography for detecting the fungus ball, but these easily available imaging instruments are not portable (18) . Thus ultrasound may remain the imaging method of choice for evaluating fungal UTI of neonates at the NICU and for follow up after treatment (8) .
In addition to nonspecific symptoms and signs that could be found in any neonatal infection, fungal UTI can be presented by renal failure, anuria, oliguria, hypertension and flank mass (19) (20) (21) (22) (23) .
Management
To eradicate the fungal UTI, it is necessary to: 1. Remove any inserted catheter if possible (24 4. Resect fungous ball, if it causes urinary obstruction. 5. Some authors recommend irrigation of urinary tract when a nephrostomy tube is in place (16, 25) .
Amphotericin B deoxycholate at a daily dose of 1 mg/kg/day for 3 weeks is effective on most Candida species and is tolerated by neonates (26) (27) (28) . If localized defect is present and surgical removal could not remove it completely, anti-fungal therapy may have to be continued for 4 to 12 weeks and follow up must be made by blood and urine cultures and suitable imaging (28, 29) . Ultrasonography is useful for follow up as a safe and available imaging, yet Berman et al. and Benjamin et al. reported that fungous ball may persist while alive organisms are not present, thus the remaining of non-shadowing renal echogenicities in ultrasound is not solely an indication to continue therapy (11, 30) . Dose interval adjustment must be done in renal failure when serum creatinine is above 1.5 mg/dL or serum creatinine rises more than 0.3 mg/dL per day (31) . Another option in renal failure is liposomal amphotericin B, but penetration of lipid form in renal tube is less and its efficacy on Candidal UTI is questionable (32) . Although, fluconazole could be added to amphotericin B in case of renal failure or resistant organisms, it should be choosen as initial therapy for susceptible organisms (33) (34) (35) (36) . When non-albicans Candida is probable, fluconazole is not as effective as amphotericin B (37) .
As another adjunctive therapy, a nucleoside analogues, flucytosine, can be used in combination with amphotericin B (8) . Flucytosine is used in combination with amphotericin B in some neonatal Candidal renal infections, although this combination may have a greater potential of adverse effects especially in decreased renal function (8, 31) . Flucytosine is not a drug for monotherapy of neonatal fungal disease.
Echinocandins such as micafungin, caspofungin and anidulafungin are used in fungal infections. Some authors have recommend micafungin and caspofungin instead of amphotericin B in case of resistance, intolerance or toxicity, although these medications need more clinical trials before wide administration (38, 39) .
In spite of the fact that systemic antifungal therapy is the standard therapy for fungal UTI, surgical intervention must be used when obstruction or abscess is present or infected tissue is not treated despite appropriate treatment. These interventions may include nephrostomy tube insertion with or without irrigation, removal of fungous ball, resection of affected tissue, drainage of abscess and correction of anatomic problems (16) .
Candida albicans is the most common cause of fungal urinary tract infection. Although invasive candidiasis is uncommon in term infants, yet is more frequent in premature cases, and the presence of positive urine culture in this high-risk group should be considered significant (16, (40) (41) (42) .
Invasive renal candidiasis and fungal balls are uncommon and the most important predisposing factors include low urinary pH, urinary stasis due to poor urine output, congenital renal anomalies and administration of frequent courses of broad-spectrum antibiotics (40, 41) .
Obstructive uropathy by fungal balls is rare and acute renal failure as a result of bilateral obstructive uropathy due to fungal balls has been reported (40, 43, 44) . This requires early detection and prompt treatment to salvage kidney function (45) .
As shown in our case, ultrasound is a useful modality for diagnosis of fungal balls but other interventions such as open surgery may be needed for diagnosis of some congenital anomalies (8) .
In the presence of positive urine culture for Candida and in the absence of hematuria or pyuria, the nonshadowing echogenic material in pyelocalyceal system may be in favor of renal candidiasis (40, 41) .
Conclusion
Although Candidal UTI is fairly common in the current NICU settings, invasive renal candidiasis and fungal balls are uncommon and the most important predisposing factors include low urinary pH, urinary stasis due to poor urine output, congenital renal anomalies and administration of frequent courses of broad-spectrum antibiotics. Ultrasound is a useful modality for diagnosis of fungal balls and some kidney anomalies. In some cases, surgical intervention may be needed for diagnosis or treatment of some renal congenital anomalies.
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